Objective: To investigate the distribution of segmental flexion mobility in the cervico-thoracic spine of men and women with whiplash-associated disorders. The study also assesses the relationship between cervical mobility and segmental flexion mobility, and whether hypomobility in C7-T1 is associated with neck pain and weakness in the hands. Finally, the study investigates the impact of fear of movement/(re)injury and pain intensity on cervical mobility. Method: The data in this longitudinal study was obtained from a previous trial on 47 patients. Assessments were performed at baseline and 3 and 9 months following randomization using a cervical range of motion instrument, the cervico-thoracic ratio, a Grippit, a visual analogue scale, a Painmatcher, and the Tampa Scale for Kinesiophobia. Results: Women exhibited hypomobility in C7-T1. There was no significant association between the 2 cervical measurement techniques. The correlation between flexion mobility in C7-T1 and grip strength was weak but significant (r = -0.3) (p < 0.05). There was also a weak but significant negative correlation between total cervical mobility and neck pain intensity. No significant correlation was found between fear of movement/(re)injury and cervical mobility. Conclusion: Women with whiplash-associated disorders seem to exhibit flexion hypomobility in C7-T1. The flexion mobility in C7-T1 was weakly, but significantly, correlated with grip strength, but was not shown to predict neck pain. Neck pain may give rise to restricted range of motion.
INtRoductIoN
Neck pain and disability resulting from motor vehicle accidents, so called whiplash-associated disorders (WAd) (1) , is one of the most controversial topics in medicine. the disorder involves both physical and psychological disturbances and remains a poorly understood and challenging clinical entity, both as an economic burden and in terms of patient suffering. Limitation of neck mobility is a symptom frequently reported by patients (2) . cervical motion is suggested to be the most accurately and reproducibly measured parameter relating to functional assessment of the neck (3) and many methods have been developed to assess spinal mobility. A cervical range of motion (cRoM) device can easily be implemented in an ordinary clinical setting. In previous studies (2-7), cRoM was significantly reduced in patients with WAD compared with healthy subjects in the acute and chronic stage.
Most methods for spinal mobility assessment measure the overall range of spinal mobility. For description of the range of mobility, the methods assess either the surface curvature, altered angles, or skin distractions (8) . In diagnostic radiology, a method described in a previous study (9) has been developed to study the motion in the cervical spine, c0-c7. Flexionextension radiography has been used for over 50 years to detect abnormal segmental motion in the spine (10) . A measuring technique used in the cervico-thoracic region, referred to as the cervico-thoracic ratio (ctR; Segmo-Graph AB, Stockholm, Sweden), is a method that allows the examination of segmental flexion mobility in the cervico-thoracic spine in a clinical setting (8) . the method is intended to be used as a complement to other methods examining mobility in patients with neck-and shoulder pain (8) . the ctR technique is developed to measure and assess the distribution of segmental flexion mobility in the cervico-thoracic articulations between c7 and t5. By means of the ctR, a mobility pattern of invariably reduced mobility in motion segment c7-t1, the inverse c7-t1 function, has been identified. It is defined as equal or less mobility in motion segment c7-t1 compared with t1-t2 (11) . Inverse c7-t1 function was shown to be a predictor of development of neck-shoulder pain in a previous study (11) . Furthermore, another previous cross-sectional study (12) demonstrated that reduced relative flexion mobility in segments C7-T1 and T1-T2 significantly predicted weakness in the hands.
In a previous study (3) , fear of pain was suggested to be a possible source for submaximal performance of cRoM. In a study by Klein et al. (13) , patients with chronic WAd were, due to existing pain or fear of pain, either unable or unwilling to move the cervical spine into regions that required high muscle activity. In the presence of exaggerated fear of movement/(re)injury and fear of provocation of pain, a patient with WAd may presumably not move his or her head to the
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Lina Bunketorp Käll, PhD, RPT end of the existing range. In the aforementioned study (3), a small percentage of patients who were classified as atypical in terms of their motion profile had extreme personality and functional scores. It is also possible that perceived pain limits the range of motion, i.e. that there is an inverse relationship between cervical motion range and pain ratings, as shown previously (2) . the primary aim of this study was to evaluate whether women and men suffering from subacute WAd exhibit a characteristic pattern of distribution of segmental flexion mobility in the cervico-thoracic spine. In addition, the study aimed to assess the relationship between cervical flexion mobility according to a CROM instrument and segmental flexion mobility in the cervico-thoracic spine at different segments, and total CROM (including all directions) and segmental flexion mobility, and whether a possible hypomobility in c7-t1 is associated with future neck pain and weakness in the hands. Finally, the study aimed to investigate the relation between fear of movement/(re) injury and cRoM, and between pain intensity and cRoM.
MEtHodS

Study design
the data in the present longitudinal study was obtained from a previous randomized controlled trial (Rct) (14) . the Rct was conducted at an interdisciplinary rehabilitation centre specializing in patients with WAd. Patients were included in the Rct based on the following criteria: report of subacute WAd following a whiplash-type trauma to the neck, defined as a musculo-ligamental sprain or strain of the cervical region; no fractures; and no dislocations of the cervical spine. the exclusion criteria were: (i) time interval between the whiplash trauma and randomization of < 6 weeks or > 3 months; (ii) X-ray evidence of traumatic or severe degenerative lesions of the cervical spine; (iii) unrelated disease or additional injury that precluded completion of the questionnaires or would make evaluation difficult; (iv) previous severe neck pain causing more than one month of sick leave or disabled pension in the year preceding the accident; and (v) unable to understand and speak Swedish. the study was approved by the regional ethics review board.
Patients
All patients seeking treatment at the rehabilitation centre were invited to participate in a group session on a regular basis with a team physiotherapist and psychologist who presented information on symptoms and reactions in connection with whiplash trauma. the session aimed to reduce fear and anxiety and to give advice about self-management and recuperation. If interested in consulting a physiotherapist after the session, the patient could schedule an appointment in the regular treatment programme. After receiving an appointment, a recruitment letter for the Rct (14) was sent to 212 patients with subacute WAd, of whom 63 (30%) were willing to participate. Six of these patients were excluded because of unrelated diseases making evaluation difficult and 8 due to sick leave because of neck pain during the year preceding the accident. Six of these latter patients had been on sick leave due to a previous whiplash trauma. Forty-nine patients who fulfilled the criteria were included in the Rct and randomized into 2 physiotherapy interventions: group A, a home training group (25 patients); or group B, a supervised and individually tailored training group (24 patients). All patients were offered an individualized interdisciplinary rehabilitation programme including counselling by a physician, a psychologist, and a social worker working together in a team. due to the detection of a severe, unrelated disorder and the receipt of a magnetic resonance imaging scan with evidence of severe degenerative lesions of the cervical spine prior to the trauma, 2 patients in group B became ineligible and were thus excluded following randomization. Forty-seven patients were finally included in the study, 30 women (64%) and 17 men (36%) with a mean age of 31 years (range 18-61 years). the whiplash trauma had occurred on average 64 days (range 42-121 days) before the start of the study. Among the patients 45 (96%) had been exposed to motor vehicle accidents and the remaining 2 patients (4%) had been involved in fall accidents. Patients who were excluded or were not willing to take part in the study entered the regular treatment programme at the rehabilitation centre. After a maximum of 3 months of physiotherapy interventions and after an additional 6 months, evaluation took place including all measures presented below. differences between groups at baseline were non-significant (14) , and the analyses in the present study were made regardless of group allocation in the Rct.
Measurements
A cRoM (Lic Rehab Svetsary, Solna, Sweden) instrument was used to assess active cervical mobility. the cRoM instrument is a measurement helmet equipped with a Myrin meter. Separate inclinometers are used for sagittal and lateral planes to eliminate relocation during measurements. A compass allows rotation measurements to be made in the preferred upright position. the range of motion was recorded in degrees in flexion, extension, lateral flexion, and rotation with the subject occupying a comfortable chair.
The CTR technique was used to assess segmental flexion mobility in the cervico-thoracic spine. The method describes what is defined as relative flexion mobility (CTR%) in terms of differences in segmental mobility between C7 and T5. The relative flexion mobility is a calculated ratio based on absolute values of skin distraction between c7 and t5. As the height of one disc and one thoracic vertebral body is approximately 3 cm, the distance of 3 cm marked, in the upright posture has been used as the definition of one motion segment (8) . Absolute flexion mobility is defined as the measured alteration in cm between 3 cm interdistant skin markings marked from c7 down to t5 and measured with a tape measure after a maximal forward flexion of the trunk and neck from an upright posture (8) (Fig. 1) . the ctR technique measures both partly segmental and total skin distractions. It compares the degree of segmental flexion mobility by establishing a ratio between partly segmental and total skin distractions. In a radiological evaluation it was shown that skin distraction, measured with a tape measure, approximately reproduces the segmental flexion mobility taking place between c7 and t5 (17) . the ctR technique also describes a model for classification of mobility in 3 different classes, ordinary, hyper-and hypo-mobility (8) . these mobility classes are defined from a population of healthy subjects. The CTR technique has been developed and described by Norlander et al. (8, 11) and is shown to be a valid and reliable method (17) .
A Grippit (AB detektor, Göteborg, Sweden) was used to measure grip strength. the Grippit is a portable instrument that consists of an elliptical handle with electronic force transducers based on strain gauges placed on a base where an arm guide is mounted. Peak force (17)).
and average value over 10 sec were registered. the grip strength is automatically recorded every half-second. the range of measurement was 0-999 N. Before the clinical measurements, the instrument was calibrated mechanically. the reliability of the Grippit has been demonstrated to be good (18) . the sensory dimension of the neck pain was assessed with a traditional 100-mm visual analogue scale (VAS) with the end-points 0 (no pain) and 100 (worst pain). the VAS has been demonstrated to have good reliability and validity (19, 20) .
Secondly, a pain intensity matching device, PM (cefar Medical AB, Lund, Sweden) was used, producing perceptual matching by gradually increasing electrical impulses between 2 fingers. The patient was instructed to hold the PM with the electrical stimulation unit between the right thumb and index finger with a firm grip. The PM causes an increasing electrical current that eventually becomes painful, and the patient is told to match the ongoing neck pain intensity to the physical sensation between the fingers. The electrical stimulation started by the patient, delivers electrical pulses with increasing intensity at random velocity. When the experienced neck pain corresponded in amplitude to the sensation of pain in the right hand, the patient was told to release the fingers from the PM, stopping the electrical stimulation unit, and a value was automatically recorded on a liquid crystal display (Lcd) screen. the PM gives constant electrical stimulation controlled by a microprocessor, delivering rectangular pulses with the frequency of 10 Hz and amplitude of 15 mA. the pulse width is gradually increasing in 99 steps, with increments of 4 µs from zero to a maximum of 396 µs. the value reached between 0 and 99 is directly related to the pulse width, and as soon as the electrical circuit is detected by releasing the fingers from the electrode device, the electrical stimulation halts. PM is based on a random variation of the time it takes to increase stimulation. that way, the measurement is determined only by what the patient feels, not how long the measurement takes. the PM meets international ethical norms, because the patient can interrupt the stimulation at any moment. the measurement procedure is harmless, involves no intervention, and has no side-effects. the PM has demonstrated good reliability (21) (22) (23) .
Fear of movement/(re)injury was assessed using the Swedish version of the tampa Scale for Kinesiophobia (tSK). the scale was previously translated into Swedish in a forward and backward translation procedure (24) . the tSK contains 17 statements developed to identify fear of (re)injury due to movement or activities such as "It is not safe for a person with a condition like mine to be physically active." Scores range from 1 (strongly disagree) to 4 (strongly agree). the scores on items 2, 4, 8 and 16 are reversed so that high scores on all items indicate high levels of fear. the total sum score ranges from 17 to 68. the reliability and validity of the Swedish version of the tSK has been established (24, 25) .
Examination procedure
Initial baseline measurements including cervical mobility according to the cRoM instrument and ctR, assessment of grip strength, and pain intensity according to PM and VAS were performed in a quiet room at room temperature without any external disturbing factors. the cRoM instrument was set up by the examiner. the same examiner performed all measurements, thus eliminating errors because of inter-tester variation. the examiner demonstrated how the movements were to be performed at a steady speed (flexion and extension, lateral bending and horizontal rotation). during measurement the researcher manually stabilized the patient's shoulders and visually controlled the trunk and thoracic spine while the patient was verbally instructed to perform every movement until muscle tightness or pain limited movement. In the case of substitutional cervical head or shoulder movement (e.g. elevating the shoulder during lateral flexion measurement) the score was registered at the point where the movement begun. during flexion and extension measuring, it was considered a substitutional movement if the shoulders and upper back left the chair-back. Before rotation measurements the compass was calibrated with the patient in the upright position. While measuring lateral flexion, the patients were instructed to look at a particular spot on the wall in front of them.
In the CTR examination, the first procedure is to measure what is defined as absolute flexion mobility. With the patient in a sitting position, the examiner palpates the reference point, the spinous process of c7, then while the patients takes an upright posture looking straight ahead (Fig 1A) , the examiner marks the most prominent part of the spinous process of c7, and with 3 cm intervals, corresponding to 1 motion segment; consequently, c7-t1 = 0-3 cm, t1-t2 = 3-6 cm, t2-t3 = 6-9 cm, t3-t4 = 9-12 cm and t4-t5 = 12-15 cm (Fig. 1B ). An ordinary pen was used for the skin markings. the patient was then instructed to keep his or her chin flexed forward against the trunk and to flex his neck and trunk forward as much as possible (Fig. 1C) . A woven tape measure was used to measure the absolute flexion mobility (i.e. the extensions between each marked lines), which is shown by the alterations of skin markings between c7 and t5 (as described by Norlander et al. (8)).
When measuring grip strength, the patients were seated in front of the Grippit, which was placed on a table. the patients were sitting in an upright posture close to the table in an adjustable chair with the feet supported. the lowest rib was level with the edge of the table and the forearm was placed in the arm support, which positioned the elbow joint in approximately 90° of flexion. The patient was first instructed to try out the Grippit by squeezing the elliptical handle. the measurement started with the right hand and during the 10-sec measurement period the patient was instructed to grasp the Grippit as hard as possible.
the tSK was administered to the patients after the baseline measurements were completed.
Statistical analyses
Relative segmental flexion mobility was presented using descriptive statistics, i.e. mean, standard deviation (SD) and 95% confidence interval (95% cI). to compare gender differences at a group level with respect to segmental flexion mobility measured with the CTR technique independent samples t-tests were used. to explore the relationship between segmental flexion mobility as measured by the ctR technique, and cRoM, correlations were calculated with the Pearson's correlation coefficient. The relation between relative flexion mobility in the segment C7-T1 and future neck pain was estimated by correlative analysis using the nonparametric Spearman's rank-order correlation coefficient. The relation between relative flexion mobility in the segment C7-T1 and future weakness in the hands were estimated by linear regression (Pearson).
The Spearman's rank-order correlation coefficient was also used to explore the relationship between: (i) the intensity of pain measured with a VAS (using median scores by summarizing 7 days assessment) and total cRoM; (ii) the pain magnitude matching score as measured by the PM and total CROM; and, finally, (iii) fear of movement or/(re)injury and total cRoM. For all analyses, two-sided tests were performed, and a p-value of less than 0.05 was considered statistically significant. Analyses were performed using the Statistical Package for Social Science (SPSS 13.0 for Windows).
RESuLtS
Analyses of the group as a whole did not show that the patients exhibited a characteristic pattern of distribution of segmental flexion mobility in the cervico-thoracic spine. However, when analysing men and women separately, the results revealed that the women exhibited hypomobility in the segment c7-t1 compared with men (Fig. 2) . The relative flexion mobility in the segment c7-t1 was 20.7% in women, which is below the lower limit in ordinary mobility according to Norlander et al. (8) . The men's relative flexion mobility lies within the normal range considering all segments (Fig. 2) . Assessment of cervico-thoracic spine motion in WAD The relative segmental flexion mobility at 3 and 9 months following baseline are presented in table I (test 2 and 3) and indicate stable measures (compared with the results at baseline). The mean relative flexion mobility for all 3 measurements is presented in Table II and there were significant gender differences in relative segmental flexion mobility in the segments c7-t1, t3-t4 and t4-t5. Fourteen women (47%) were presented with a so-called "inverse" c7-t1 function (defined as having greater or equal flexion mobility at level t1-t2 compared with level c7-t1 (11)). Six men (35%) had an "inverse" c7-t1 function.
There was no significant association between cervical flexion mobility according to the cRoM instrument and relative segmental flexion mobility in the cervico-thoracic spine at different segments, nor within the sexes. Furthermore, there was no significant correlation between the total CROM score and the segmental flexion mobility in the cervico-thoracic spine at different segments. There was no significant correlation between the relative segmental flexion mobility at different segments and future neck pain, i.e. hypomobility in the segment c7-t1 did not imply a significant increased risk for future neck pain. Analysing the relationship between the relative segmental flexion mobility in c7-t1 and the variable grip strength revealed weak but significant correlations, with generally low r-values considering both peak force and average value at both 3 and 9 months following baseline measurements (table II) . the relationship between the relative segmental flexion mobility in c7-t1 and the variable grip strength at 3 months following baseline is illustrated in scatter-plots in Fig. 3 .
In the correlation analysis between total cRoM and pain intensity according to VAS there was also a weak but significant negative correlation (r = -0.3) (p < 0.05) with subjects with restricted range of motion exhibiting higher pain intensity. A somewhat stronger significant negative correlation was also found between total cRoM and the pain magnitude matching score measured with the PM (r = -0.43) (p < 0.01). there was no significant correlation between fear of movement/(re) injury and total cRoM. dIScuSSIoN the results in the present study showed that the women exhibited hypomobility in the segment c7-t1 according to the figures presented by Norlander et al. (8) . The men's relative Fig. 2 . Mobility profile describing the distribution of mobility for motion segments c7 to t5 (1 = c7-t1, 2 = t1-t2, 3 = t2-t3, 4 = t3-t4, 5 = t4-t5) for men and women according to the cervico-thoracic ratio (ctR) technique (as described by Norlander et al. (15)). .8) flexion mobility lay within the normal range considering all segments. When analysing the group as a whole, the relative segmental flexion mobility lay within the normal range. Similar results are reported in the study by Norlander et al. (8) assessing segmental flexion mobility in 26 healthy female laundry workers and 95 male electricians and telephone workers. the male subjects showed a significantly greater degree of relative flexion mobility in both segment c7-t1 and t1-t2 compared with the female subjects. The relative flexion mobility in segment c7-t1 was 21.5% in women and 22.2% in men in the study by Norlander et al. (8) compared with 20.7% in the women and 21.6% in the men with WAd in the present study. However, the female laundry workers were not considered hypomobile in the segments c7-t1 in the study by Norlander et al. (8) as were the women with WAd in the present study.
In the classification by Norlander et al. (26), the limit for the hypomobility class of relative flexion mobility in segment c7-t1 is less than 21.2%. In the present study, the women were twice as many as the men, which resulted in segmental flexion mobility in the segment c7-t1 being just below the lower normal limit, when analysing the group as a whole. If there had been an equal number of women and men in the present study, presumably the segmental mobility in this segment would have been within the normal range. Fourteen women (47%) presented with a so-called "inverse" C7-T1 function (defined as having greater or equal flexion mobility at level T1-T2 compared with level c7-t1 (11) compared with 6 (35%) of the men. According to Norlander et al. (11) , the occurrence of the inverse c7-t1 function is approximately 30% in a mixed female and male population. the hypomobility among the women in the present study, however, is a clear deviation from the normal distribution of mobility in this region according to a previous study (27) . Whether the gender difference in mobility in the segment c7-t1 in the present study is caused by mechanical changes in the tissues, pain inhibition or is a biologically sound and normal difference and not a result of the whiplash trauma, is unclear from the results of the present study.
It is important to mention that the groups assessed in the present and the aforementioned study (8) might not be comparable with respect to segmental flexion mobility. However, the subjects included in the study by Norlander et al. (8) is the only study population in which the ctR measurement technique is used. In order to develop the concept of ctR, healthy subjects were examined and none of the 3 classes defined as ordinary, hyper-and hypomobility are regarded as having "pathological" mobility even though neck-shoulder pain has been found to be more frequent among subjects with hypomobility at level c7-t1 compared with subjects with ordinary hypermobility (8, 11, 12) . Apart from the classification by Norlander et al. (8) , no formal criteria have been established for abnormal motions of this part of the spine (28) . Since no control group was included in the present study, the previously presented figures (8) were used for comparison.
There was no significant correlation between cervical flexion mobility according to the cRoM instrument and segmental flexion mobility in the cervico-thoracic spine at different segments, nor between total CROM score and segmental flexion mobility, nor within the sexes in the present study. Furthermore, 
c. d. Assessment of cervico-thoracic spine motion in WAD
the reduced relative flexion mobility in the cervico-thoracic junction was not shown to be significantly correlated with future neck pain in the present study, which contradicts the previous findings showing that differences from normal relative flexion mobility in the segment C7-T1 is an indicative factor of musculoskeletal neck pain (11) . there was a weak but significant correlation between segmental flexion mobility in the segment C7-T1 and future grip strength, which is in accordance with a previous study (12) indicating that reduced mobility in this segment may increase the risk for weakness in the hands. However, in the previous study (12) , the symptom weakness in the hands was subjectively reported and not objectively measured as in the present study. Norlander et al. mention in their study (12) , that the motion segments c7-t1 and t1-t2 correspond to the spinal levels where the roots of the ulnar nerve and parts of the median nerves originate. The flexor muscles of the hand and the forehand are supplied by these nerves. From a neurological point of view, reduced grip strength as found in the present study and the sensation of weakness in the hands seem to be reasonable symptoms, as previously stated (12) . A dysfunction at the cervico-thoracic junction might cause an experience of sensory feedback from joint afferents and, thus, weakness in the hands, as previously discussed (12), or lead to an objectively reduced grip strength due to a possible nerve root compression. However, these theories are highly speculative and are far from being established. It would be of interest to investigate this relationship further.
there are many factors, including psychological ones, that have been suggested to contribute to chronic neck pain and probably also influence neck range of motion (29, 30) . However, in the present study, there was no significant correlation between loss of cRoM and fear of movement/(re)injury, which is in accordance with previous findings (4) and contradicts others (3, 13) . As previously suggested (31), the relationship between fear-avoidance beliefs and disability in patients with cervical pain may be weak compared with patients with lumbar pain. On the other hand, weak but significant negative correlations were found to exist between both the neck pain intensity score according to VAS and total cRoM scores, and the PM magnitude matching score and total cRoM scores, which is in accordance with previous findings (2) , indicating that neck pain may give rise to a restricted range of motion. In another previous study (32) , weak significant correlations were also found between cRoM and corresponding pain ratings. Other studies (33, 34) have found either low or insignificant correlations between active cRoM and self-rated pain. the reason for these contradictory results may be that in the studies indicating a weak or insignificant relationship, pain intensity while performing the measurement was recorded, and not the intensity of pain independent of motion as in the present and the aforementioned study (2) .
It is argued that measurements using the ctR technique have to be repeated in order to determine whether the observed segmental mobility is occasional and can be regarded as a normal biological variation of mobility, or whether the possible dysfunction remains and seems to become permanent (11) . In the previous study by Norlander et al. (11) , the risk of developing neck-shoulder pain increased significantly when the reduced mobility in the segment c7-t1 was established 3 or more times during the follow-up period. In the present study, 3 measurements during the follow-up period were therefore registered, and indicated that the segmental flexion mobility including the hypomobility presented among the women was permanent rather than occasional.
The significance of measuring neck range of motion in WAD is a debated subject in the literature (29) . In the Quebec task Force grading system for WAd, the criterion restricted neck range of motion is present from Grade 2 upward (1). For clinicians and therapists, it is a common clinical practice to measure neck range of motion both as a diagnostic tool and as a sign of progress. It is argued that the lack of significance may be due to the fact that there are not many reliable and clinically applicable objective methods that measure segmental mobility (12) . However, for interpretation on an individual level, a consensus on normal range of motion is of utmost importance, although initial individual values may serve as a reference in a rehabilitation situation as Kaale et al. state in their study (7) .
the patients in the present study were selected from an interdisciplinary rehabilitation centre whose patients, in general, are considered to exhibit a more complex picture, being more emotionally or physically affected, or both, than patients with WAd are on average. the selected group was, however, considered to be a representative sample of those who remain disabled beyond the healing of any tissue damage in the natural recovery following a whiplash trauma when pain-related cognitions are still a problem, which constitutes the target group in our study. All sought care because of subacute WAd, mostly on their own initiative.
there are limitations in the present study that restrict the conclusions that may be drawn. the major limitation of the present study is that no control group was included representing the general population. Furthermore, the small number of patients included and the different number of women and men is another important limitation. one could further question whether it would be more correct to conclude that women exhibited less mobility than men rather than drawing the conclusion that women exhibited hypomobility in the segment c7-t1? In a previous study Norlander et al. (8) state that it must be emphasized that the purpose of using the ctR technique is not to decide the exact vertebral flexion angles for C7 to t5, but rather to describe the functional characteristics of mobility in this region, which are probably of greater interest when examining a patient with neck-shoulder pain.
Another weakness is that even though the present study has a longitudinal design, the analyses remain strictly correlative and the assumptions such as direction of causality should be avoided. It is therefore not possible to determine whether reduced total cervical mobility is a result of pain, or is a factor eliciting pain. It is, however, unlikely that weakness in the hands would have an impact on segmental flexion mobility in the cervical spine instead of the other way around, as indicated in the results. one might, however, have assumed that this correlation would emerge, since women who exhibited hypomobility would be unlikely to have the same grip strength as men, which might thus be the reason for the correlation shown. Moreover, the r-values in the correlation analyses are low and it would be of interest to investigate the relationships further.
Whether the differences in segmental mobility between men and woman have a physiological and/or biological explanation remains to be investigated. Another weakness is that the groups assessed in the present and the aforementioned study (8) might not be comparable with respect to segmental flexion mobility due to their varying background. As previously mentioned, however, no formal criteria have been established for abnormal motions of the spine (28) apart from the classification by Norlander et al. (8) . The subjects in the study by Norlander et al. (8) , which is the only study population in which the ctR measurement technique is used, was therefore chosen for comparison.
the upper cervical spine segments are commonly injured in whiplash traumas (35) . A limitation with the ctR measurement technique is that it only measures relative flexion mobility in the cervico-thoracic junction and the upper thoracic spine. Some patients in the present study may have had abnormal segmental motion in the upper cervical spine segments that was not possible to register using the methodology presented. this questions the clinical significance of the results in the present study and raises the question as to whether the ctR technique is a valuable tool in evaluative contexts. the inverse c7-t1 function however, is regarded as a dysfunction that can give rise to "motion segment related pain" and has been shown to be an important factor in the assessment of neck-shoulder pain (26) . Further research is thus necessary evaluating the clinical value and research importance of the ctR technique, as well as the validation of the clinical significance of invariable inverse c7-t1 function. Furthermore, in addition to a control group representing the general population it would be necessary to include a larger cohort and enable analysis of all cervical segments to address the limitations in the present study.
In conclusion, women with subacute WAd seem to exhibit flexion hypomobility in segment C7-T1 compared with men. There was no significant correlation between CROM and segmental flexion mobility. Segmental flexion mobility in C7-T1 was weakly, but significantly, correlated with the variable grip strength, but was not shown to be a predictor of future neck pain. Neck pain may give rise to restricted range of motion, while fear of movement/(re)injury does not seem to affect cRoM. However, due to low r-values in the statistical analyses further studies are required.
